Abstract. Due to the major's inherent property, theoretical, empirical and experimental models widely exist in different curriculums of Automotive Engineering, such as vehicle dynamics and automobile theory. In this paper, we utilize the parametric method to broaden automotive engineering education, especially for these different theoretical models. Climbing capacity model of both 4 2 × and 4 4 × drive automobiles are utilized as a teaching case, both the road adhesion coefficient and distance between front wheel and mass center are two parameterized variables. Normalized climbing capacity of the two kinds of automobiles are simulated and discussed based on our proposed parametric method. Results indicate that the proposed parametric method can help the student understand the physical models comprehensively and motivate their theoretical study. The methodology can also be widely utilized in automotive engineering education.
Introduction
Automotive Engineering is a branch study of engineering which teaches manufacturing, designing, mechanical mechanisms as well operations of automobiles. In China, there are over 200 universities and colleges offering the automotive engineering major. In America, the largest manufacturing industry is motor vehicle industry [1] .
Due to the inherent property of this major, most of the classes not only contain the theoretical model, but also include empirical formulas and experimental results [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Therefore, teachers have multiple teaching ways on different courses. Rizkalla [14] utilized an electric vehicle as a test bed to verify their interdisciplinary teaching method for students majoring in electrical engineering and electrical engineering technology. A web-based training framework is proposed by Liang [15] for measuring components and circuit design of automobile electric system, results indicate the proposed platform can improve learning efficiency on technology content and promoting students' ability of trouble shooting on automotive electrical system. Isa [16] presented an autonomous vehicle driving system based on video sequences recorded from a vehicle driving along a highway, the system can be used by engineering educators for automotive, robotics or image processing courses. Skruch [17] presented a concept and practical realization of a model of a vehicle electronic system. The model can be widely used as a laboratory bench, training device, or as an extension for individual research activities. Daver and his colleague [18] link materials science to design and manufacturing challenges in the automotive industry, this approach enables the students to construct their own materials knowledge and to develop an intrinsic motivation to learn the subject material. Threeton [19] studied automotive technology student learning styles and their implications for faculty. Gaps between engineering education and practice have been analyzed by Brunhaver [20] . Liang [21] constructed a web-based trouble shooting architecture of automobile chassis, it can support distance learning of practical courses in automotive chassis repair and maintenance. Schroeder [22] integrated education and research by developing a hydraulic hybrid vehicle laboratory based on the problem-solving learning approach. Both undergraduate and graduate student can perform experiments and simulations, which will enhance understanding of hydraulic systems. Dias [23] taught an undergraduate course on microcontrollers using real examples from automotive embedded electronics helped to motivate students, pedagogical efficiency are certified by a survey. Threeton [24] investigated the relationship between personality type and learning style of automotive technology students. Feisel [25] analyzed the role and variation trend of laboratory in undergraduate engineering education. Besides, he also gave suggestions for the future engineering instructional laboratories.
However, these above mentioned teaching reformation or investigation are mainly focusing on the laboratory, practice and gap between education and industry. Seldom of them mention the theoretical analysis and investigation. Borrego [26] discussed quantitative, qualitative, and mixed research methods in engineering education research, he expects that quantitative, qualitative, and mixed approaches will be essential in the future. In fact, the curriculum of automobile theory has all the three characteristics. Automobile theory is a core course in automobile engineering education; this course contains the vehicle performances of power, fuel economy, brake, handing stability, ride and pass-ability. All the quantitative, qualitative, and mixed approaches are utilized through the whole textbook. Xia [27] coedited the classical automobile theory textbook in China. He compared the typical automobile theory textbooks between China and foreign countries, which are Germany, Japan and America; Characteristics of different textbooks are summarized as well. In China, Zhou [28] utilized the computer simulation technology in teaching of automobile theory. Matlab, Cruise and ADAMS are applied and teaching efficiency is improved by utilizing the simulation software. Nevertheless, the quantitative investigations on automobile theory are still not thorough.
Therefore, this paper presents the parametric method for quantitative investigation the vehicle performance in curriculum of automobile theory. Contributions of this work are highlighted as follows:
The parametric method is proposed to broaden automobile engineering education. Climbing capacity of two different driving vehicles is selected as a teaching case. Efficiency of the parametric teaching method are discussed and assessed with the traditional teaching approach.
The paper is organized as follows. The teaching case of two different driving vehicles is illustrated in Sec. 2. Both 4 2 × and 4 4 × drive vehicles have an obstacle in front of the front wheel. Mechanical models are established. Meanwhile, the normalized climbing capacity is proposed, road adhesion coefficient and distance between mass center and front axis are selected as the parametric variables. In Sec. 3, the normalized climbing capacity is demonstrated by two 3D plots. Pedagogical efficiency of the parametric method are given and assessed in Sec. 4. Finally, the conclusions and remarks are given in Sec. 5.
Derivation of the Parametric Model for Drive Analysis
In this section, the mechanical model of both 4 2 × and 4 4 × drive vehicles are established and analyzed based on the traditional automobile theory, the vehicle body is assumed as a rigid body.
The 4×2 Rear-wheel Drive Vehicle 
where 1 F is the bearing force on front wheel; α denotes the angle between 1 F and horizontal plane; f represents the rolling resistance coefficient; ϕ is adhesion coefficient; 2 F is the bearing force on rear wheel; G is the total gravity; D represents the tire diameter.
Eliminating the parameters 1 F , 2 F and G in Eq. (1), the following equation can be obtained
From Fig. 1 , we can obtain that
where D represents the tire diameter, w h is obstacle height. Substituting Eq. (3) into Eq. (2) and supposing the rolling resistance coefficient f is 0 on hard road, the following equation can be obtained:
where ( )
h D is the normalized obstacle height which front wheel can overcome. Obviously, it is mainly affected by the structural parameters a, L, D and road adhesion coefficient ϕ . In Fig. 2 , there is also an obstacle in front of the front wheel, but this vehicle is driven by all the four wheels. In front wheel, there is a bearing force 1 F and the driving force 
The 4×4 All-wheel Drive Vehicle
where ϕ is the adhesion coefficient, a is the distance from from wheel to mass center. Eliminating parameters 1 F , 2 F and G in Eq. (5), the following equation can be obtained
Substituting Eq. (3) into Eq. (6) and the MATLAB is utilized to solve the w / h D relation in Eq. (6) . Values of the related parameters are illustrated in Tab. 1. The wheelbase is set as 2.7 m and tire diameter is 0.8 m; the two variation parameters are road adhesion coefficient ϕ and distance a respectively. 
Results and Analysis
In this section, the parametric method is utilized to analyze the climbing performance of both 3 gives the climbing capacity plot of a 4 2 × drive vehicle. The three axes are road adhesion coefficient ϕ , distance a and normalized climbing capacity w / h D respectively. From Fig. 3 we can observe that the minimum normalized climbing coefficient is 0 when road adhesion coefficient ϕ is 0 and distance a is less than 1 m. While the largest climbing coefficient is up to 0.5 when ϕ is 0.9 and a is 2.5 m. Therefore, we can conclude that for the 4 2 × drive vehicle, the climbing capacity can be enhanced by increasing the road adhesion coefficient ϕ and enlarge the distance between front axis and mass center. Fig. 4 illustrates the climbing capacity of a 4 4 × drive vehicle, which is also known as the all-wheel drive vehicle. Similar to the 4 2 × drive vehicle, the minimum climbing coefficient w / h D is 0. However, the maximum value reaches to 0.9. Which means the 4 4 × drive vehicle can easily overcome an obstacle whose height is 0.9 times of the tire diameter D . Obviously, the climbing capacity of a 4 4 × drive vehicle is much larger than a 4 2 × drive one. Comparison Figs. 3 and 4 we can find that they have the similar properties. The normalized climbing coefficient increases with both road coefficient and distance. Therefore the climbing capacity can be enhanced by moving backward the mass center when designing a vehicle. The differences between these two vehicles are their normalized climbing coefficient, the 4 4 × drive vehicle is much more effective when overcoming a same size obstacle.
Assessment
All the 60 students are divided into 12 groups, and each group has 5 members. They are required to establish the equilibrium model, select parameters, programing and finally discuss the differences between these two different vehicles. Pedagogical differences between the parametric method and traditional approach are illustrated in Tab. 2. In China, the most widely used automobile theory textbook is coedited by Yu [29] . Only one key parameter road adhesion coefficient ϕ is illustrated in the textbook. In fact, wheel base L , distance a are also two key parameters when designing a new vehicle. Therefore, our parametric method can broaden students' eyesight and make them to consider more the practical engineering in designing by considering the vehicle's structural parameters L and a . Meanwhile, only a 2D plot are given in Yu's textbook, which shows relation between normalized climbing coefficient and road adhesion coefficient, w / h D ϕ − . Obviously, this plot is not comprehensive enough. Effects of wheel base L and distance a are not demonstrated. The parametric method can overcome this shortage by utilizing the 3D plots. Furthermore, impact of different parameters on normalized climbing coefficient can also be compared and analyzed.
Inversely, based on the multidimensional map generated by parametric method, students or engineers can decide parameter values under different constraints to satisfy multiple demands. Therefore, by increasing the complexity of the theoretical model, students become more independent to find engineering solutions to industry challenges.
Conclusions and Future Plan
Parametric method is utilized in teaching the course of automobile theory, which is a core curriculum of automotive engineering. The course has been implemented with junior students in Yangzhou University. Overall, the pedagogical results have been very positive.
(a) Parametric method motivate junior students to study the boring mathematical model and promote their learning interest on automobile theory.
(b) Application of the parametric method can extend the students' perspective. Multiple parameters are considered simultaneously beyond the traditional single parameter analysis. Besides, effects of different parameters can be analyzed and compared further.
(c) By increasing the complexity of projects along the course, students become more independent to find solutions to industry challenges.
(d) The parametric approach can push students from passive learning to real practice and force them to face real complex engineering issues.
Based on the above achievements, the authors plan to continue the parametric method in our future teaching to overcome the more and more limited course hour issues in China. Not only the undergraduate, but also the graduate student can also be taught using the parametric method, such as the curriculum of vehicle dynamics and vehicle vibration and noise control engineering.
